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BE - KPZARFNIEEY / EVRE EYBELTR T ZZRH B ELE, AP EESER R A E MR R FES™
H B35 & ME4L-E 9 (herbivore-induced plant volatiles, HIPVs) , HIPVs RAEY-HHEHRE H- K =FEFR R Z BRI ILH S
Ko HIPVs L2480 RAEY) AR HR AR AR A 25, £SRGEH, HIPVs W EEY 5 BEY EY SHEY R
FAY) S R AR FRAR Y BRR]— MR B 32 B AR 2 AL B R AE A, A S B L. HIPVs /R % EE AR S, WG]/
B AR R SEEEZEM, HIPVs & 0] MEREY EE BRI TR , 5 ShAEek i By s n g se st fudk . Rig
MR R AT AERE  HIPVs W TRIAESRPERGERERBN T ERAEREE L AINIRERESFHE
VIR B2 S T BE T RIFEERE , B RTE £ BB T 1) MR B E 5 Y BRI 2 FHLH . 8 TIRAT # HIPVs ()
REEENS], FEMNAT I T EHEST T 408 FovE R R RS A G R -5 B R O Wyt FE R 4R,
FI UAE S iR R - e Bl S N R BIPE o 3B R R volicitin 1 B-I & B H BEIE A 1 I M B 4 53, J2 7 £ HIPVs
HIBE T, B TR S & HIPVs BB, &R T 5 5% @A HIPVs BB ER, HFihie T ARG S@E
Z MR EAEM. B HIPVs ABE RN S, RIRZESHIER (AFEKAR KGR, OH SELEFSER) B
7, HPRAIRE SRR ER HIPVs BRMERRR, ETRIARIR, 565R T HIPVs i 3 Z AT 12 5 Had 72 v e i i
RHEENE M. CHH HIPVs ERAMIERRMEY)  SHER YA ERBR 4 K55 TR, oKk ER BRI g
%o EAERES T, XS YT I —ER I RERUE SR IEEY B R R B 323k . TR S MR AR MR e & IR
R IR A O A E R R SR YRR BT IR, T B R 2 B 1K A7 BROR 2k R B R4 0 3
B UK IR B HAT A YK IR P BR i G SRERE R X SUER i R R 7E 3% oK F B S HIPVs llig1e . RIGRET HIPVs
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Advances in metabolic regulation mechanism of herbivore-induced plant volatiles
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Abstract ; During the long term of interaction between plants and the abiotic stresses, and the biotic infestation, plants have
evolved complex defensive mechanisms, for instance, plants emit herbivore-induced plant volatiles ( HIPVs) so as to defend
themselves against herbivores. HIPVs are the results of co-evolution in tritrophic interactions among plants, herbivores and
natural enemies. The chemical compositions of the volatile compounds vary with both plant and herbivorous insect species.
Within the various ecosystems, HIPVs play an important role in mediating interactions between plants and arthropods,
plants and microorganisms, herbivore-damaging plants and undamaged neighboring plants, as well as damaged parts and
undamaged parts of the same plant, and they mediate plants defensive responses. As host location signals, HIPVs play a
critical role in attracting predatory and parasitical natural enemies. HIPVs may also act as chemical communication signals

among plants, and trigger defensive responses against herbivores. From an ecological or economical point of view, the
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research and application of HIPVs are of great importance for development of integrated pest management strategy. Previous
researches significantly enriched our understanding of insect chemical ecology related to herbivore-induced plant defense.
However, a great deal of attention has recently been directed towards elucidating the molecular nature of induced plant
resistance. In this review, we address following key issues related to the metabolic regulation mechanisms of HIPVs. First,
we discuss the functionality of oral secretions of herbivores in the defense of plants, since plant damages are resulted from
both herbivore mouthpart chawing (or piercing) and oral secretions. The synomone inducers Volicitin and B-glucosidase are
components of oral secretions, and trigger the release of HIPVs, at least in part, by modulating the wound signals.
Subsequently, we address the signal transduction pathways and their regulatory roles in the releases of HIPVs, and discuss-
the interaction among various signaling pathways. As for metabolic process of HIPVs, it is regulated by signaling pathways,
including jasmonic acid (JA), salicylic acid (SA), ethylene and H,0,. Among which, JA has long been suggested to be
an important regulator of HIPVs. Based on the previous studies, we summarize the key metabolic processes of HIPVs and
the regulation roles of key enzymes in the main transduction paths. HIPVs discussed in the current paper include terpenes,
green leaf volatiles and aromatic compounds derived from shikimic acid pathway such as methyl salicylate ( MeSA) and
indole. As chemical signaling molecules, some compounds can also activate the expression of defense genes in neighboring
plants. Terpene synthases are key enzymes involved in terpenoids production. Lipoxygenase and hydroperoxide lyase are the
focuses in recent researches on the metabolic pathway of green leaf volatiles. Phenylalanine ammonia lyase and salicylic acid
carboxyl methyltransferase are key enzymes involved in the formation of SA and its derivative MeSA , respectively. Whereas,
the genes of these enzymes regulate the metabolic pathways of HIPVs at transcription level. Finally, we give a brief outlook

of the future research and application of HIPVs.

Key Words: herbivore-induced plant volatiles; elicitor; signal transduction; metabolism; regulation mechanism

Y SHE SR R KA R R b Y Z A R R B8 e B TR B T 15 S B
o SR B AR N S R AR Ca® " YR R A AR ML, XS AR AL B & A TEA B E R B A
Boreh, EEER R O RSB RRERERAE TS5, e, BEOEES5RETEY SR REER
RNL, I GHRESBRKRER. F5RREEIEE, IR T — R PiHEER R IEKF, & B 5B i
At o S B N 4 T 0 R S A o R A A e 7 R R AN R R B
2 B E S SR A A R R SO E A B AR L R (IR F R ) R A
A RS B B A AT I AL AR kS 0 B (AN BRI R)) B 5 a2 R R R E A S A
R AMEALE P (herbivore-induced plant volatiles, HIPVs) ,4E K" 55, 51754 Bt B A7 AR M R B4 1] 45 By
e, BUE R P A Y- B R - R =R EFR R RP W EF R, HIPVs 51 BERFNAL, &Y =ZH
Turlings % A" RHLH . MATHBFFTRY, FHSERIR Spodoptera exigua 'S KM MW M 48 & W% 25 4
% Cotesia marginiventris 7=4 B 55 (W B VEFH . Fatouros 285 B I ASEWME Pieris brassicae W R AEH 15 L 7=
YR IN AT 5 AR MR R Y , W5 | DR 25 LE 3% Trichogramma brassicae, 7351, HIPVs JRJ2HEH) [H] #4715 B AWK
“EETVEARGME, AR ERAI LB BB (AR T HR) YR R B @R S sh i
FREARL P FR) 53780 2 O T S S A A B A s e

AU R EFFE R HEYE LY RERELS D 4,408 T ik HIPVs B F BB RES LESH
FigfE  HIPVs (1 FEARBHRRE Jag e b R EEE Y B R4/ F (LA M (R 1 SR R iR R Y
3R R E)  BIGRET HIPVs MBFRHTR .
1 #% HIPVs BHHH A FRIESHSER
1.1 HIPVs HiES ¥ AL T

LRAEY 7 SRR FERESE MY FE A HIPVs, AR BN E JRRE R MR RG SR E
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WA T ERE SR R E SYUMIR G S 4 1) HIPVs R4 20 FfERZCR BB AR, mE
AMUIE I T HIPVs & B AR, T E BT A 77 BB AE PG 5 B I Rl N 87 7E , X F R R B R U
RIS R O R / B A U RIE GRS . RE SRR DB / B
WA T AR5 BRI H 28 b B AT 7 A SAE A B ik o B R R AL HIPVs Bk &R

KREHFER , IRNTBR LR L HEY) (Fatty acid-amino acid conjugates, FACs) , BEGE 5 & B FHHA Y BE
T HIPVSH 1 2236 (k4 AT A AR 25 9598 B 4y it (445 K % B Sphingidae , % B} Noctuidae , i B}
Geometridae ) ) [ & [FI 9 4 BS A5 2, RN ER MBS R . BERWIFER R ZHE M9 B sk MY
HHESERKYE" . B, N-(17-F3-TRREER ) -L-2 E BEfk ( N-(17-hydroxylinolenoyl ) -L-glutamine ) , &
SENETSER I Spodoptera exigua 418 O A 4> BS 1531, Wi fir 4 9 volicitin'™®) | 2 —Ff FAC, F volicitin
PR E KM R G EARBR U A Y 5 853 H 4 R BERIRE E T T4 R W AE 5 AL, 38 i e 2 |
WERIRA ™ o 4 N-acyl Gln / Glu 25 LA A MiE PRI FACs, B 2 R4 411 F) 11 s 43340 o 43
BR 3], EE R Manduca sexta %4 1 & 43 WA i) FAC( N-linolenoyl-Glu ) , £33 i 55 Bariik , /R 7I g A&
IHE RS R EEBRHEEEEMZENEE T, Bk FAC EHER R TRIESERYNBIR, INrEiESE
A BT 4650 S A 2 B A R B e A

Mattiacci 2/ B 57 01 ,B- I B B ( B-glucosidase ) J& KSEAIME Pieris brassicae %) Hy I & 43 W) B9+
B G, 2B WARE AT RE R A HIPVs R T MRG0 H IE M 4k p- 2 BEAL 35 , BUR T 1
WA R )RR, TR 5 | Sk S S 50 Cotesia glomerata, $E—BHF5E R, HUEH &M i SHBI 5
+B-HI B BRI R AH L, B R IR A 0. BT p-AE R ER, R EH BRI R M &
WK, FRgEmt A B K . Hopke 25 BF5T & B, 8- 0 W HF B X Rl & T 7T A5 2 1) 55 5 00 6 RAB MR i 4 28
&Y (E)4,8-—H3-1,3,7-F =4 ((E)-4,8-dimethyl-1,3,7-nonatriene, DMNT) fl (E,E)4,8,12-=H
3-1,3,7,11-+ =8Pk ((E,E) 4,8, 12-trimethyltrideca-1 3,7, 11-tetraene, TMTT) 4 o B> P35
K KBEV BB L -0 A2, B B & R S AERIE N KB ER (salicylic acid, SA) ., L
(ethylene, ETH) i AR MK E, - A EHY X EFS 4 FESEZ WM ALK BEHE 518 €A
Nilaparvata lugens (Stal) 3 MIEEA—3 , R B-AI A BB RS S X FE L N FHRLE MK KBESHE
Fit. #H—HPRERY,SA F58ES 5 LAl Nilaparvata lugens (Stal) 35T MK FFHE K Y IR o
Wang 2 A\ ™) L HE KE Nilaparvata lugens HE SBUKFEH — 415 - A B RH R B KPR,
TESEH H 4 B R IR & BT HoAth— S K AR B, 20 T K 7 Ik 0 VR P B 2 B S AL ( glucose oxidases ) , {H.
R BAE R B S LERE Y B8 S L R PR IR 58 2

5 _LiRrH g B AE EL , xR X B R O R A I B 558 LB D . T RY BL Bemisia tabaci [ ME
W& A BRPERERR G , 4 B R VR &R R EK YR TH AR , (B2 el 1 S i &+ ZEAE Y Bl A8 B L Hp B A
FARBENEAE >, Ma 27 BRI, & — XUF Schizaphis graminum V&R AP ) S SHE 7T BEAE 38R T
KA BERL HIPVs , AT 5| R BB A% E . M R B, 38 KA Nilaparvata lugens 115 &
A B-AEVEEES, (X R AR, R R R W Re % B B IR 5 | R B\ /NEE Anagrus nilaparvatae,
BB LI HIIIESS , K WF Macrosiphum avenae (¥ 3 ##7 B MRV A& SRR B R, ISR AL B 32 1
175 & IR & W) 0t i 38 W 1 1% Aphidius avenae .1 B Coccinella septempunctata B B B 51B1EH . &L
X AGF H RS 2 B 2 R K A e T A ) B A B 7 A W R BOR T (IR U RERR) . W
FATRERIE Ca®* B {5 5038 , (B K TR (5 5 R AR RE 2 W R R R E R,

FEEME R H O B 40 0 3 1 4 43 I BT LA & SR F1 R (Jasmonic acid, JA) (SA Fl1 Z ¥ E‘J{%%f@ﬁ%m] o
FHL MK Spodoptera frugiperda %] BLH) 1 s 73 ) vh &K 5 8 FU/K AR AH SC I L4 , B FR M inceptin, Inceptin
[ + ICDINGVCVDA - ] fitH€# K [ + (GE)ICDINGVCVDA - | B T4 {kth ATP & R EE K v WA X
o XA S REREBR JA SA M IR 15 SRR MR SAE AT, TR 2548 & ) DMNT) | fEe X
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% Manduca sexta 515 FAEY) Nicotiana attenuata HAERIBFIEFEHE , JHE Kk O s b ) FACs fEiE & JA
MZIERE SRR,
1.2 #k HIPVs K555 F%E

VAR, B R HIPVs BB MR R, AN E SRR AR R LB NEY E R YR
b RS P OIER . T4 HIPVs ME S RBRRIEE R, &MESEFEEYENBIERRKES &
&, MRS S A — R ERBRREL . HYNFESHERNEZMES S TFREERANSR, &
5 SA JA 20 G AR & . H JA FE SRR R L HIPVs B X@mAEE R . BifEX Y
TSRS IR A o LOX3 FE[H 5 33 77 LA JA MOARMha R , NI EE & W BB . AT
2, I H B R (alamethicin, ALA) (—FAMWEEEAL T, BB HEKIER YRR Lt F R 55
MR N R SA, ANTIBHAS T JA 32421+ [A]A 48 28 — ik (12-oxophytodienoic acid, OPDA) & i, S 4D
HIRRPY JA B, 5 B JA (SR RRENER DA RS2 BIEE . BAEPFTERY,E 430 OPDA, A
LA & I S GHERR A Co BEMZSYIIR TMTT BRI o (S IR ELIEG) JA 1 SA LbFRA G A, BEk 4%
Ky (4n TMTT) 38 ZU% 5| 20 Mg i A e R 8 o 3875 L Pieris rapae SHE MBI IFER T JA/SA KI5 54
&, N TG UL Ar-TPS10, 22 R W AR AR b Y G SR B 2L R AtLOX2 (AtHPL S57E%% 5% 7K
- ERE RS S — R HIPVs (4 R, IR 5 ML B Cotesia rubecula * , R, JA F1 SA Bik (55
wRZEBRFEA TR, LEAHEYRAMIER, & LRREAEY Z E G 7S B R , R E 2
W A B RO R R s R

R TR RN E SEREARAN Z BB BN, 2 LMY Fh A B R 20 T DA SR
YIESER JA BRELEYBRER . ETH M JA B N5 5%, —F Wt RERE R T SR B
R, P45 T MR BN Ry 2k . Bl ETH KRR ZEFF P bt 2 B2 (1-aminocyclopropane- 1 -carboxylic
acid, ACC) {bHEEKMA L HM A, B BEER JA (55 REIRMIE L IR . 5 JA L3 H )
TG AR L, JA A ETH [ A B4 2 5 A B8 BRI 5 | 8 R/ NME G20 Phytoseiulus persimilis'™! . 45 S5 1F
FEEREY],JA T ETH B &[5 5@ A7 R E B AW B8 8z o B U RIVER .

B, TR LR EEAER A SEY G MERRRNE EEY . KEZHALEHIE
Cnaphalocrocis medinalis (Guenée) JEJG i EMET SA FRBERS , HIRRHE M 1=y F RERUE KM
HEAES SA FEHFREY . FEME / SA FSREREP LB R R R O S,
FERYIBI R B AR E BB . 2R BITIESE , R R IR Nicotiana attenuate %)) HLF) h F S5
MRS EMES SA S EIRE I Hd S EFSRES SRE S HEAEY JEEOBEMEH 5=
5288 (diterpene glucosides ) F)& % o
2 HIPVs FRIHEEER

H AT BN AR HIPVs ERAIETEH I E Y . Co G &Y UL FORIE T HERB R MY
T RAX 3 2K A4 HIPVs QTR 1R g2 v SRR SEY) R 4=4E A
2.1 WEERAED
2.1.1 wEEeEHRESRE

REBHEY)EIB R F Y SBHREHEAEY . #5455 (terpene synthase, TPS) 2 S5UHHERAHH
Bl B R0 , e — RIVEHR AL, 53 T W8 R -6 5L, R L F i R R #H & B DT E
JUAINEE  EEEJLR , SEBEEYA L, BETE SRR A WA E MM § BA BERE,
BN G515 & P R L S I B A, R, SRR A R BER S 40 HIPVs HES
Haro

TR EWIET Cs a8 Y (R _METT) , 1% 515 (monoterpenes, Cy,) & kil i ( sesquiterpenes,
Cis) i (diterpenes, C,,) %, XG2S i 2L [5] B TS 1004 3 — 5 ER (isopentenyl diphosphate, IPP) Kz H:
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AR — R B S 2 T2 ( dimethylallyl diphosphate, DMAPP) 14 fift,. IPP F1 DMAPP 7£ 5 4% S5 2 B 1Y)
HEACYE R T T2 UYE 4+ L v 2E — B R/ I 2 — W% R (geranyl diphosphate, GPP) . 1% g2k — MR ( farnesyl
diphosphate, FPP) Fll ¥ 4= JL B85 F 8 4 L8 2 — B B8R/ 1t 2 & if 3£ — #5 BR ( geranylgeranyl diphosphate,
GGPP) . BB E4E AL Ve HE £ B PR (farnesyl diphosphate, FPP) & i /i g 5 58 1 ) FF 32 R (mevalonate
pathway, MVA ) 3842 ( 40 Jfa 50/ P9 55 19 o 6 50) R DA BE 48 L B B W R/ i 2 — W% R (geranyl diphosphate,
GPP) & B M o B B 1Y 2- C- B JL 75 e Bl 5 -4 - R ( 2- C-methyl-D-erythritol 4-phosphate MEP) &2 (JE{AH &
B) o MVA Hl MEP X S5 i AR XS SR SE 1 o 9140, 40 MR A i 4 Cos2 1l TPP R RA, i MVA &2
T B s B4 Bl Coo FIXURG Co IR IPP N RiA, S i MEP SRR & . WAERMPFFR R, X MR %
FT LA IPP 4R N3 SR, AT AREAT SR B R B
2.1.2 WEE SRR

TPS 2 &R IME WA R RERS . TPS R MR EEEE I A WEM M SR W5
EAbE Y=L GPP FPP J: GGPP S£/ENJIEY), H— &R 5 TPS fiE{b-& Ml GPP 7E Bl I & B (monoterpene
synthase) 1 FiI 42 SR , FPP 7E4% 15 4 5 B8 ( sesquiterpene synthase ) 1 I 42 BUA% 2K i 4 , GGPP £ i
¥ & B8 (diterpene synthase) fEF T A 1%, ZERRIITH 32 MERAHE 2 MREBREY G NEREZ TPS
KGR, 3 RARERAB REmA IS . KEMEN, iR A W& R 25 7K F b TPS 2
R LIRS, RO R E T S RE S B MR % TPS R FERE SRk F EREZRE
EE M (BRI YE) o M zNose™ WU T 5 57 Hy 3 A /8] 45 & W) B 1% 0 O BF 98 26 A,
RHREHCENE H F 54, Y5 RS AR AR LG DB IR TR W B RS K, 2 — P58 K BUAHR TPS 2
H R B IR B3N . ZAZ Picea sitchensis 1B FAMAERIE G Pissodes strobe E G55 3 KIT M BRI 5
Ay —I5 MR, 25 5 REBER B, It iz {FE N RIE AR BUR & AR ER FKF EH
FAEBEWM . Schnee 25 FEBFITAR UAUIK- FoK- Mg =B R X RN, BEEIHH SRR
1ps10 %L R AT DA O FHE & W 9B R, X B4 & W RE SR ZU 5| K. Ro 21 UKHEH Pinus taeda
LR B — AN A L ) PeTPS-LAS % 7] AEAL GGPP & An T %5 . SpRIREE) Ny A /K A7 -
AFTFAET KRS8 CE-RE B BUNEME R R P WER, WL E T — K B-A 1T & L E
OsCAS . ZHFREER TN, 48 RENEM JA LY REH R _EIR 0sCAS BHFFRBKF, HiZEHE 5F BT
HAEY) ERT I 3 A B-A T B R A R E B RIIEE(99% ) . EREER 5 EFBIKRE KK B-A1T
W5 SR I B R A ST 45 AR — B

B TPS Sh, i KR YR MR HE G R EEEZEANEEI., BHFER B CoA i JE
(hydroxymethyl glutarylCoA reductase, HMGR) , {84k HMG-CoA JE it MVA , & MVA &2 — 1 EEH R HEE,
TRREBERSALA P 7E 40 O B AR IR 42 o B S A IR 45 5 o Jiang 26 ISR Eucommia ulmoides 52 5 1
HMGR #)—AN2EH EuHMGR W5t R M, 76 HMGR (R iR SR AL 1A JRY2394 33k 5 R B, EuHMGR fi
ARHIFE MVA 212, 75— RKERIGEL B, 455 M 5 52 G B8 (geranyl diphosphate synthase,
GPPS) | ¥ Wg 3£ — #5 R & B (farnesyl diphosphate synthase, FPPS) Fil & M3 — #% BR & B ( geranylgeranyl
diphosphate synthase, GGPPS) , GPP M55 Z 4 THEW) K. FPPS | {Z FF7E T 40 B BT . it 444 L 2R b i
it = e ARIESERY FPPS FEFIA 7 AMESF KA 2 MMER I E & KA BRI, Takaya 251 )\
# 5 Hevea brasiliensis f#] cDNA SCPEH /3 BS1R 3 1 4~ GGPPS FER %5 K B R A% FRIE =) ] LI AL GGPP 11
A o

(B4R AO2 OV B PR K5 2T sesqui-TPS(FaNES1 ) f LR 724U nerolidol) 5 DMNT £ 4
o RESMEY Y IB R EGE ST A X B MY IR, EWR S MR EMAF A RSy EEEEERT . &
Bk IRAE7E FPP 4 BB & TPS(FaNES2, %y FaNES] HS0RE) , St T Rl & ™ o M EZmE
JERERC DMNT' ™) 3t — 25 B 5532 1, DMNT (BRI 2 215 & BUBG 0 VA5, M i e 3 5 38 , b T A%
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BERRIAR(3S) - (E) -neridol Fy& B
2.2 ZMERY)
2.2.1 ZMERYHNRE®RE

242 % ) (green leaf volatiles, GLVs) MR Cq 484, RIAEYIIE K W) 6 Mk EE (B2 S RS, M
Yyt % mUE R — 2 AW AR A W R T B, B AT B AR A 9 S T R (linoleic acid ) A1 -3 BRBR (o
linolenic acid ) Z 548 & B (lipoxygenase, LOX) \J§ i BR 1 & 1k 2 24 il (fatty acid hydroperoxide lyase, HPL)
% RINBHER B MIE R ™ o Assad 1 HF5R B, MUEE A RPN GLVs fARY & B A IR I MK
A T HFPRBEA | R ) 2, F L GLVs i — &Y R R R EFRUEEL YN EZA Y. H
THURIR A INGERZ I GLVs MR R AN & &, H I B E -1 GLVs 1R AT 68 51 &1k B U Y 1
BN HAG R G . GLVs [RIAEA] LALE L 2L B 4510 T R, BMEERRIR S R GLVs,,

S E YRR AR, Y2 RE RN B AR R Y . R ITH  HAEZ E
J& 20s B AT 4G B SEM-HE % 1) (3E) -hex-3-enal ™, %4 BR BRI — J7 T T BB IR A Y & KB 5%
M- 2 W AR SC B , AR S ( phospholipase) \LOX Fi HPL, H #t F/E S BOHAL TIEERRZES 5 —T7
TH] FJ BEAR: (R Ay 3 L6l 55 R O AR R4 , A0 o TEJRRBR S JHI AR &% 13-33 48K &0 (13- hydroperoxide) , 7E H FAE A T il
AT,

GLVs 5 — M=), JIi-3-C 4% ( (Z) -3-hexenal ) , i1t LOX i&42, B WRRER A& 4 ) 13-E i Ak
EHRER (linolenic acid 13-hydroperoxide, 13HPOT) , 5 7E 13-&.13 & AL I B B8 2L % B ( 13-hydroperoxide lyase,
13HPL) MYERI T 344 o 1EC R (n-Hexanal) & BUR AU, IR YR T MR, R3-CHE((E)-3-
hexenal ) gy JIfi-3-C M B8 g/ AR B A8 ALAE P A o IX 88 C BE2SHE 13 B2 it 20 ( alcohol dehydrogenases ) [ F
FAR LAt — 2554k Ry Co BES, QRI-3- O B 5% AL R -3 - Mi-1-B2 ( (Z) -3-hexen-1-ol) . IhJ5 , i1t JE BE 2L 4%
#H (acyltransferase ) F/E FH , Co BEEFE AL BLER S, (0I-3-C J-1-BR 5% 4L R JI-3-C 45 -1-B8 ( (Z) -3-hexen-1-yl

acetate, Hex-Ac)!"!,

2.2.2 GLVs 5 JA / MeJA RUBHEZ B R

GLVs FIZRF[HR ( Jasmonic acid, JA) ,iAfuE JA Rijf& OPDA K HATA: ¥y7Fi MR B g MeJA ZFIZE AR K
oxylipins, H R, X B4 oxylipins R HR R E &M 50ERE, —F BA L FMATA 13HPOT, 13HPOT [F]At/E
i 13HPL( GLVs R i 4% Hh i G50 B ) S ) B Ak & B (allene oxide synthase, AOS) (JA R4
HIXEEES) Y . X T I3HPOT MR, Bi SRR R e S 2 R o 7EF/ A o, 13HPL B4+
PSRRI AMURE, LU SNIR ) 13HPOT SR BLH 5 T AOS FELA T A i AL, ABR IR P9 B 13HPOT g
R . 7E I Gk 13HPL Fl AOS ¥ TR BN 1 BB I7ERE b B Th RERFE7E 22 ™
oxylipins B AR IR R RAEEAREK . WEF, HFR R RS R EFEFERDN 4, GLVs 78
REMYNEZEDH / BEG P REEREEEH. DR NG, Co B FEISAT DI/ R 55 B A%
B, T IA FERIR BLE B R M E R SIE LRSS R R EEEERS . UBHN
Bl , RN Co BEZ TR (3E) -hex-2-enal FI(2E) -hex-3-enal /N B M MR FLEL A, %G M E A BB T
T B IR N SRR R W R TR JA AR B LL R BB R i 35 . BN, JA BB 5 K TR AR5,
&, BE— R B R EMRE, EBRERENREY, X 5E SR R Y BIREZ YA X, S R
FR ot \ e BL #3442 ( Octadecanoid signaling pathway) ">, BTG EM,JA B SEET K FE OB
WP RS, S AR BN EF S 4 W E WAL, KREZIMNE JA/MeJA Kb3E 5 BEXY fin B-A 11 4 M BE K
8,1z R—E0E, XA K& Nilaparvata lugens (Stal) YPHHZF A= i g B2/ N Anagrus nilaparvatae
BA BERBIEMES ™,

JA WRIE R REAENES A TFHEEEHCATRAREL. CHERPRIARNY JA RKIEEEH
W15 5P, T 35 38 2 FLBETE R (oligogalacturonic acid, OGA) A RER RFBMIE ST, H % OGA 1E N4 i
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FEIPHESYRAMREL , FEEPEERM L. BETIAJ, OGA FEFE Y B # . H 7l BB T JA 55
AR E IR, @ BOE JA SRR BRI AR

AR LA 13HPL Sy & BOCBEREIY GLVs RUTER BT ST IF BB FEHR o Kessler 5™ (BFFE B3 ,
EiF PRI -3-C BT AR B E KK Manduca sexa IR ; De Moraes 2 B33 £ 3, HEHE S
HIREREI ) GLVs JR% KB 2ER0UK Heliothis virescens F=BPf= A4 K3k . Bate'™') 45 fyBF 55 TE 5L , % -2- 0 s I F) B ik
BB SRR ST AP HMGR \LOX Z5Bi M3 R 33k ; Arimura 252 fOBFSYIRIE BT , LBV A R 32 A ep
JIi-3-CL B SE GLVs HIRERL, W] LAYS IR A& N LOX \PR-2 \PR-3 SRR MRE, ERFRERY, 5
JA BAZARZAN, GLVs BB S S BB RN VBN 155 70 775 SAH SR B I ik (R i 3R 38
2.2.3 JrEEEERIREER

LOX & GLVs Rl 2 5 — N8, td JA 96 b Qs A . LOX R i Rk 2 1 10 Ak R 4
R, Y B RN i E B, REVREY, MEER RN IFHS LOX BHEMRIXEN
1%, Royo %7 (B KB, DAL EE o LOX- H3 F£ R ) R SCBRAGFEAR T PIN $0515% S /K F , AT 45 M vk
FHERBERN, REFESFHFIEERT TomLOXD R ) FK7E B &N PR B EAEH , %35 R K
A LOX 2B 5 SR m 44 o HPL 2 GLVs fRiHe & i i XS, L Co WA B G R, S
MG S1EEA % BN, URITH9 HPL 2R BPZEB 015 S T %35 . Reymond 2 Bt %1, 1l X
B 0 AT A S LOX Al HPL 3£ R iK1 K GLVs [ jiit . Halitschke 23 BRSTIESE, K -2- C
B2 LOX Al HPL PR EG R 2 MY 8 52 1UE o B A8 b 28 SO, 9 B W) i o 38 F R SCE AR BEL T
43 LOX Rk, /0 T -2- TG EESF -6 BB, FEAR T X0 F U Hkht, AT B R R R B EH L.
MY HPL £ 5 2c 3 GLVs Bgomi /) , i A5 s fm '

AOS 2 JA YA R R RS . KEFIFTR, WO LIES A0S BE ML, A0S HE K%
AL T Z EHFAL, T B SAm B 52 F MR AL . A0S TE% 7K ERIFXBEMIRE S MeJA SREMWIRR
FAE, MR SRAE A B B R BEBE A1 o KRR R AL A SR 0s40S R4 K A ALEF CYPT4A
KRS, RRFRE B AT /A L, 0sA0S FE/KAE Hp 18 B R IX RRIR = /K RF b , R Bsfif oy
TR R & B AR ARAT L B 1 2L R Bk B R
2.3 FHREBER

HE S RAEY)HE &M B A2 E T LUE T 25 5 R (shikimate ) B8 . ZBERH KL S YRGS
FELEYHIEY S BIKRER. SA JKFIRF EE(Methyl salicylate, MeSA) FIng|% (indole ) #4772 p1iZ A i i
B, SA FEAEYIHIY RN 5 5 43 F , 2 SHEY S B )BE (hypersensitive response, HR) FIRGE3K15
PEHLE M (systemic acquired resistance, SAR) , iR 5B/ SIVERC %, SA/MeSA 7EAEYIHLIG I/ F A
I FHIEHE AR MIEEER . EFERIIPIFERY, SA/MeSA 1ENIER BRI R XG50, EEHEYE
32 HUE G BB/ EHER R N R IE B BT . MeSA MR NEMIIANEE KE S YR, BEEHESHEY
TR & VY BN T 5 | AR I R 3220540 . E A MBFss RIS R T A B R E 1 S HE 2 sk 5
S5, SN MeSA , 7E3 /0 F SR FINGE B AR EFN 2557 HBA BE HBCR

SA/MeSA TEFRAMEY) (HAREIT JHFSE) 1 AEY) & U R B SR A W : RN & RRTER N 2 IR 2L i
( phenylalanine ammonia lyase, PAL) FI/EF T , B Je 4 i 2K Y 4 R ( trans- cinnamic acid, CA) , PAL &7
WG S 5 SV SA LUK B Y BB 2Kk & W) & UK KRG . CA MigEZ B AL FNER R ZAL PR RN 7
AR R SAN Y . i CA MIEEZ: B Ak 5 H R (benzic acid, BA) , J5 7% F IR 2 1L ( benzoic acid 2-
hydroxylase, BA,H){EFI TR R SA 5 75 —Fh 2 B [ X PUAERR MG S5 4R R 3 A 7™ H 4R 7 2R (o- coumaric
acid) , FF2 B E AL A SATY | SA TE/K A ER IR L A B4 4l (salicylic acid carboxyl methyltransferase, SAMT)
YERI T 5648 MeSA . ARIIRE 752 3 F§: PAL BA,H SAMT, H.Hh PAL Hl SAMT % H 2, H I [H 7 5]
TEFRSHEY) h B, & FE Y Z B AR ZEA R AR B2 A TR o
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W5\ R 2 R AR 1 75— MR =4 , e 51 R- 3- B R T E P31 k- 3- H Vi B R 2L A% B (indole- 3- glycerol
phosphate lyase, BX1) M/EF T /=4, FHIEM BB T RS F=LE MWk, FORBEB A B2 s IR & 4
AT LANG 5| LA B 4k A At o T E R R 2 I RE S B0 3IVE- 3- H B R AL B R T
3 HIPVs HHARRE

£ bRk, HIPVs 2HEY)- B MR B - R EREFR R AR PR E, Y- kR f- X
W =FCEFRR R AEY I _EAT 65 ( Bottom- up ) FI K H /9 T 4745 i/ F ( Top- down ) B #2504 [A] Hz b 5%
Wi M bk B A A SRR AR R AR A K I E B T T HIPVs MR B i A . bEE
FEBFRMRA B HIPVs © 2B 7EF R IRE T E A AR B E N 2= (E
ERREENE . Blin, HIPVs SRR R RBCA 6, 7T LAIE D — BB A R R e R i

HIPVs ) F LA R ZEE I T, MAEY 5 B R AL 2= 8 RE S A Y5 S RO EE R R B 5R iR 3K
IS B B R T A T B RO DA R B R T AR KO B AR WHR T, BS54 HIPVs A= 4)4 BUK  &
G, AT R R TR I 50 F B ARG R R RS &, BB 0 £ B 1) HIPVs IFERE, B A5
PRBE P W RE, T S AR 25 e, AT & R —FP AR FAVE D) B B B 78 & ML & W Sk 45 1 3 BT
WHEAR

SR, &SR £ 6 F HIPVs [BFFT R R 7L SL 30 = 504 1B = b 58 ), 4 J5 Wil 7 &b 326 47 R0, LA
BRIT R EAARRR HIPVs 05 | RECK SN B 22 A B —AE A 750, i L/ #F 3o 7=Er
HIPVs 3£ R4S 14 BHERT IR e D AR B, E RS DA R A i B .
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